Development and evolution are dynamical processes under the continuous control of organismal and environmental factors. Generic physical processes associated with biological materials and to certain genes and molecules provide a morphological template for the Evo-Devo of organism forms. Generic dynamical behaviors provide a temporal template for biological regulation and coordination. The role of generic physical processes and their associated molecules in development is the topic of the Dynamical Patterning Module (DPM) framework. The role of generic dynamical behaviors (realized by "network motifs") in biological regulation is the topic of Systems
Introduction
Lifestyle transition from unicellularity to multicellularity has been one of the major evolutionary events, occurring independently multiple times and among different lineages (Maynard-Smith & Szathmáry, 1995, Grosberg & Strathmann, 2007 , Bonner, 2016 . The repeated occurrence of multicellularity enables the comparative and integrative study of potentially general molecular components, principles and mechanisms in development (Bonner, 2000) . Such comparative studies may involve whole genomes, specific gene sequences, expression patterns and morphogenetic processes (e.g. Nanjundiah et al., 2018; del Campo et al., 2014; Zhu et al., 2010) .
However, these studies have been carried out mostly for organisms that develop multicellular structures by incomplete cell division, or "staying together" (mainly plants and animals), whereas aggregative organisms exhibiting another ubiquitous trajectory to multicellularity, "coming together" (some groups of fungi and bacteria), have been much less studied (Figure 1 ).
Studying aggregative development in bacteria might be particularly illuminating since it takes place at the spatial and temporal scale at which evolutionary transitions to multicellularity may have occurred (Bonner, 2000; Rivera-Yoshida, et al., 2018) . Among bacteria, Myxococcus xanthus is a delta-proteobacterium that develops into three-dimensional multicellular structures called fruiting bodies, which occur with low nutrient availability of the medium. Due to its stereotypical developmental process, M.
xanthus has been considered as a model organism to approach the transition to multicellularity ( An important step in this direction has been the postulation of Dynamical Patterning Modules (DPMs), which provide a theoretical framework that considers both the role of specific molecules and, in the spirit of early theories of development ( Thompson, 1942; Turing, 1952) , the generic physical and chemical processes acting on living matter Bhat 2008, 2009 ). While this framework has been fruitfully used to study morphogenetic principles in plants and animals (e.g. Zhu et al., 2010, Hernández-Hernández, 2012; Benítez et al., 2018) , it tends to simplify and collapse the associated molecular regulatory network (MRN). Moreover, to the best of our knowledge, aggregative development has not been studied within this framework. On the other hand, the core of Systems Biology theory revolves around gene and molecular regulatory networks and the rich temporal dynamics that underlie their complex cellular functions (Hardin et al., 1990; Skotheim et al., 2008 , Xiong & Ferrell, 2003 MacArthur et al., 2009) . A core concept of Systems Biology in dissecting complex MRNs is that of "Network Motifs" (Alon, 2007) . Systems biology ideas have been successfully applied to developmental MRNs. See (Davidson and Levin, 2005; Prill et al., 2005) for representative examples. However, the morphogenetic aspect of development is often ignored in those works. A " systems biology of morphogenesis" is still to be consolidated.
In the present study, we integrate the DPM and the Systems Biology frameworks to study M. xanthus multicellular development both in its generic physical morphogenetic aspects and its generic MRN dynamic aspects. This allowed us to further understand the mechanisms and dynamics underlying this organism's development and to discuss the potential role of specific molecular components in its development and evolution.
Because of their generic nature, not grounded in any specific molecular or lineage identity, our analysis may shed light into the evolution of multicellularity itself.
We stress that we do not postulate any hierarchy between generic physical processes (engaged by DPMs) and generic network dynamical processes (described by Network Motifs). We rather postulate a synergy between the two: the morphogenetic aspect of development is mainly mediated by DPMs; the temporal coordination of the various morphogenetic processes, including timely and robust responses to environmental cues, is mainly mediated by Network Motifs. Crucially, in our description, the gene-centric viewpoint of development and evolution is weakened on both sides: what matters are the generic physical and network dynamical properties, rather than the specific molecular identity of the actors in play.
The rest of the paper is organized as follows. In Section 2 we briefly review the main strength and drawback of DPM and Systems Biology. In Section 3 we merge the two theories for the analysis of M. xanthus developmental gene regulatory network. In particular, we highlight the tight synergy between the two in understanding multicellularity. In Section 4 we summarize the key points of our analysis and stress their potential relevance for evolutionary-developmental biology in general. Newman and co-workers employed the term "module" to emphasize the semi-autonomous behavior of a DPM but, in principle, DPMs interact with each other to form a large network generating a complex "patterning code". However, the DPM framework does not focus on the molecular network dynamics of the constituent nodes of a module, nor on how different modules interact to achieve a given temporal coordination of DPM action. We argue that the "motif" concept of systems biology can shed further light on the dynamic properties of patterning modules in terms of their intrinsic nonlinear, molecular dynamics. 
Dynamic Patterning Modules theory and Systems

Systems Biology links GRNs and generic dynamical processes
Dissection of M. Xanthus developmental GRN uncovers the key role of network motifs for DPM coordination
Patterning nodes, motifs nodes and coupling nodes of DPMs
Adhesion (ADH) and Differential Adhesion (DAD)
. Adhesion (ADH) and differential adhesion (DAD) are the first and best described DPMs, both in animals and plants development (Newman & Bhat, 2009; Hernández-Hernández et al., 2012) . Adhesion between neighboring cell is an essential property of multicellularity (Abedin & King, 2008) . We identified a single patterning node (CsgA) belonging to ADH and DAD. CsgA is a polarised membrane protein that is involved in adhesion and intercellular communication (Lobedanz & Søgaard-Andersen, 2003) . Two motif nodes were also identified because they form a positive feedback loop (direct via RelA and indirect via SocE; Figure 2 and Arias Del Angel, 2018) with CsgA. This motif, also known as bistable or toggle switch, is the basic motif for bistability, that is, the coexistence of two possible stable equilibrium states corresponding to robust cell decisions (Ferrell & Machleder, 1998; Gardner et al., 2000) . and as detailed in the next section, this motif can also produce sustained oscillations, responsible for movement behavior alternation. (Figure 4c ). The DPM function would in this case be completely compromised.
The rich dynamics of DPMs
A dynamical network of DPMs
Coupling nodes are responsible for interconnecting two or more DPMs and, in this way, generating richer network dynamics and eventually richer morphogenetic outputs. Figure S1 ).
Final Remarks
In line with what has been previously proposed for plant and animal systems, we have We conclude that the articulation of the DPM framework and Systems Biology can lead to a more nuanced understanding of the processes underlying development and morphogenesis and integrate knowledge and models from different scales, from the molecular networks associated to single DPMs to the organism level. In this case, our approach allowed to underpin some of the dynamic features behind the aggregative development of myxobacterial fruiting bodies, thus contributing to a better understanding of both specific and common aspects of the different paths to multicellularity. Figure 1 . Independently of its origin (clonal or aggregative), the development of multicellularity led many times to the evolution of multicellularity. Two theories shed light on this evolutionary-developmental phenomenon: DPM theory and Systems Biology. The two theories can be integrated to shed a more complete across-scale picture of the transition to multicellularity. Figure S1. Knocking-out PktD9 in the coupled DPM network predicts experimentally observed developmental anticipation.
